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Introduction {#jah32098-sec-0004}
============

Atherosclerosis is a chronic inflammatory disease,[1](#jah32098-bib-0001){ref-type="ref"} with interleukin (IL) 6, tumor necrosis factor α (TNF‐α), and IL‐1 as major players at the downstream of vascular inflammatory cascade.[2](#jah32098-bib-0002){ref-type="ref"}, [3](#jah32098-bib-0003){ref-type="ref"} Since JUPITER (Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin),[4](#jah32098-bib-0004){ref-type="ref"} the relevance of inflammation as a new modifiable cardiovascular risk factor has been increasingly observed. Further, recent genetic polymorphism studies suggest that IL‐6 receptor (IL‐6R) signaling seems to have a causal effect on coronary artery disease (CAD).[5](#jah32098-bib-0005){ref-type="ref"}

IL‐6 is a cytokine derived from T lymphocytes, macrophages, and adipocytes, and acts via its membrane‐bound or soluble receptor, stimulating C‐reactive protein (CRP), fibrinogen hepatic synthesis, and joint inflammation and accelerating atherosclerosis.[6](#jah32098-bib-0006){ref-type="ref"} High IL‐6 concentrations have been associated with increased risk of myocardial infarction (MI) in healthy men.[7](#jah32098-bib-0007){ref-type="ref"} Moreover, IL‐6 and its receptor levels have an early peak at the acute phase of MI, likely related to plaque instability.[8](#jah32098-bib-0008){ref-type="ref"}, [9](#jah32098-bib-0009){ref-type="ref"} Tocilizumab is a monoclonal humanized antibody that blocks soluble and membrane‐bound IL‐6R, significantly reducing CRP concentrations and systemic inflammation parameters.[10](#jah32098-bib-0010){ref-type="ref"} However, tocilizumab worsens atherogenic lipid profile, increasing total cholesterol (TC), low‐density lipoprotein (LDL), and triglycerides, a finding with uncertain cardiovascular outcomes.[11](#jah32098-bib-0011){ref-type="ref"}

Rheumatoid arthritis (RA) is a systemic inflammatory disease that affects ≈1% of the population worldwide.[12](#jah32098-bib-0012){ref-type="ref"} IL‐6 and TNF‐α levels are increased in patients with RA, with both playing central roles in RA pathophysiology.[2](#jah32098-bib-0002){ref-type="ref"} CAD is a major cause of death in patients with RA,[13](#jah32098-bib-0013){ref-type="ref"} with several studies documenting an almost doubling of risk compared with healthy persons even after adjusting for traditional risk factors.[14](#jah32098-bib-0014){ref-type="ref"} While tocilizumab is approved for treatment of joint symptoms in patients with moderate to severe RA, it is not known whether the worsening of atherogenic profile observed with tocilizumab will counteract the potential beneficial effect of IL‐6 activity inhibition on cardiac function.

This pilot study aimed to determine the endothelial function response in RA patients after a 16‐week period of tocilizumab therapy, synthetic disease‐modifying antirheumatic drugs (sDMARDs), or anti--TNF‐α treatment, and, secondarily, how these treatments change lipid profile patterns.

Methods {#jah32098-sec-0005}
=======

Patients {#jah32098-sec-0006}
--------

Sixty patients with RA who attended a university tertiary outpatient clinic between January 2011 and July 2014 were enrolled in a 16‐week prospective consecutive‐patient noninterventional study with blinded outcomes (modified Prospective Randomized Open, Blinded End Point design). All patients were older than 18 years and fulfilled the American College of Rheumatology (1987) criteria for diagnosis and classification of RA.[15](#jah32098-bib-0015){ref-type="ref"} Eighteen were selected to start therapy with tocilizumab at a dose of 8 mg/kg IV every 4 weeks. For the control groups, 24 patients were enrolled in treatment with either methotrexate 15 to 25 mg/wk (n=12) or leflunomide 20 mg/d (n=12), while 18 patients were started on etanercept 50 mg/wk (n=14) or adalimumab 40 mg every 2 weeks (n=4). The choice of drug to use was at the discretion of the treating physician, in consultation with the patient. Randomization and patient blinding were not possible in the clinical setting since the drugs needed reimbursement applications to the public health system. No material or financial support was sought from any pharmaceutical company. Patients with a history of acute coronary syndrome in the past 3 months and/or uncontrolled hypertension (systolic blood pressure ≥160 mm Hg or diastolic blood pressure ≥110 mm Hg) were excluded from participation in the study. The study was approved by the Rio de Janeiro State University Hospital\'s ethics committee, and all participants signed written informed consents according to the Declaration of Helsinki.

Clinical and Laboratory Evaluations {#jah32098-sec-0007}
-----------------------------------

All patient evaluations were carried out by study physicians blinded to the treatment allocation. A baseline evaluation was performed on the first day scheduled to dispense the chosen medication and the second assessment was carried out at the end of 16 weeks. Each patient underwent anthropometric measurements, assessment of disease activity according to Disease Activity Score of 28 joints (DAS28)[16](#jah32098-bib-0016){ref-type="ref"} and functional damage evaluated by the Health Assessment Questionnaire---Disability Index (HAQ‐DI). Laboratory parameters included plasma concentrations of TC (mg/dL), high‐density lipoprotein cholesterol (HDL‐C) (mg/dL), LDL cholesterol (LDL‐C) (mg/dL), triglycerides (mg/dL), CRP (mg/dL), erythrocyte sedimentation rate (mm/h), and TC/HDL‐C ratio, all after overnight (12 hours) fasting.

Endothelial function was assessed by flow‐mediated dilation (FMD), conducted prior to drug administration and then again after 16 weeks of treatment. All vascular studies were performed by the same echocardiographist (RB) who was an expert in the method and was blinded to medications and clinical status of patients. The tests were conducted using an ultrasound unit ESAOTE MyLab 60 (Esaote S.p.A, Genoa, Italy) with 11‐MHz linear transducer. According to American College of Cardiology FMD guideline protocol,[17](#jah32098-bib-0017){ref-type="ref"} a baseline measurement and another measurement, performed 60 seconds after a 5‐minute cuff occlusion, were used to calculate the FMD percentage variation (FMD%). The cuff was positioned at the forearm, distal to the ultrasound probe placed on the brachial artery and inflated to 200 mm Hg for 5 minutes, inducing ischemia.

Statistical Analysis {#jah32098-sec-0008}
--------------------

Values are presented as means (95% CIs) unless otherwise indicated. Statistical analyses included paired *t* test for continuous variables and Fisher exact test for categorical variables, as appropriate. Formal statistical comparisons were not planned among the 3 treatment groups because of the nonrandomized nature of the study. STATA statistical software version 11.1 (StataCorp, College Station, TX) was used for all calculations and values of *P*\<0.05 (two‐tailed) were considered statistically significant.

Results {#jah32098-sec-0009}
=======

Of the 60 patients enrolled in the study, 18 comprised the tocilizumab group, 18 the anti--TNF‐α group, and 24 the sDMARD group. Twenty patients were lost to follow‐up: 1 (5.56%), 9 (50%), and 10 (41.67%), respectively, in each group.

Baseline characteristics (anthropometric, clinical, and inflammatory parameters) of the patients who completed the 2 assessments are shown in Table [1](#jah32098-tbl-0001){ref-type="table-wrap"}. The baseline characteristics between patients who dropped out and those who completed the assessments showed very similar characteristics and are described in Table [2](#jah32098-tbl-0002){ref-type="table-wrap"}.

###### 

Baseline Characteristics Among the 3 Treatment Groups

  -----------------------------------------------------------------------------------------------------------------
  Variable                         Tocilizumab                Anti--TNF‐α                sDMARD
  -------------------------------- -------------------------- -------------------------- --------------------------
  Patients, No.                    17                         9                          14

  Drug, No. (%)                    Tocilizumab=17 (100)       Etanercept=7 (77.78)\      Methotrexate=6 (42.85)\
                                                              Adalimumab=2 (32.32)       Leflunomide=8 (63.15)

  Age, y                           51.7 \[44.52--58.90\]      47.0 \[40.02--53.98\]      55.1 \[48.60--61.55\]

  Female sex, No. (%)              15 (88.2)                  7 (77.8)                   11 (78.6)

  Erosive disease, No. (%)         17 (100)                   8 (88.89)                  12 (85.71)

  Rheumatoid factor, No. (%)       16 (94.12)                 7 (77.78)                  12 (85.71)

  Disease duration, y              12.1 \[8.39--15.84\]       10.7 \[2.89--18.54\]       9.2 \[4.63--13.80\]

  Statin users, No. (%)            1 (5.88)                   4 (44.44)                  1 (7.14)

  Diabetes mellitus, No. (%)       1 (5.88)                   1 (11.11)                  0

  Family history of CAD, No. (%)   1 (5.88)                   2 (22.22)                  1 (7.14)

  Active smokers, No. (%)          1 (5.88)                   1 (11.11)                  1 (7.14)

  Ex‐smokers, No. (%)              7 (41.18)                  3 (33.33)                  3 (21.43)

  Weight, kg                       69.5 \[61.85--77.17\]      64.6 \[55.11--74.09\]      72.6 \[66.04--79.18\]

  Height, m                        1.61 \[1.57--1.65\]        1.60 \[1.56--1.64\]        1.62 \[1.58--1.66\]

  BMI, kg/m^2^                     26.7 \[24.00--29.46\]      25.3 \[21.09--29.48\]      27.8 \[25.15--30.51\]

  Abdominal circumference, cm      92.4 \[85.49--99.22\]      90.1 \[81.25--98.97\]      94.4 \[88.80--100.06\]

  TC, mg/dL                        197.5 \[177.59--217.36\]   185.1 \[158.16--212.06\]   185.8 \[169.76--201.81\]

  HDL‐C, mg/dL                     62.3 \[52.47--72.12\]      58.8 \[45.26--72.29\]      52.1 \[45.33--58.96\]

  LDL‐C, mg/dL                     116.6 \[101.03--132.19\]   108.6 \[88.67--128.44\]    111.5 \[99.04--123.94\]

  Triglycerides, mg/dL             92.6 \[77.33--107.96\]     88.9 \[67.88--109.90\]     110.8 \[83.41--138.16\]

  TC/HDL‐C                         3.36 \[2.91--3.80\]        3.35 \[2.64--4.06\]        3.75 \[3.05--4.45\]

  CRP, mg/dL                       3.59 \[1.84--5.35\]        1.62 \[0.92--2.32\]        2.31 \[1.00--3.61\]

  ESR, mm/h                        56.3 \[37.33--75.30\]      37.7 \[18.64--56.70\]      31.8 \[17.78--45.92\]

  DAS28‐CRP                        5.87 \[5.29--6.44\]        5.34 \[4.22--6.47\]        5.15 \[4.43--5.88\]

  HAQ‐DI                           1.88 \[1.60--2.15\]        1.69 \[1.07--2.32\]        1.23 \[0.89--1.56\]

  FMD%                             3.43 \[1.28--5.58\]        4.78 \[2.13--7.42\]        2.87 \[−2.17 to 7.91\]
  -----------------------------------------------------------------------------------------------------------------

Values are expressed as mean \[95% CI\] or percentage as appropriate. Anti--TNF‐α indicates anti--tumor necrosis factor α; BMI, body mass index; CAD, coronary artery disease; DAS28‐CRP, Disease Activity Score of 28 joints, using C‐reactive protein (CRP); ESR, erythrocyte sedimentation rate; FMD%, flow‐mediated dilation percentage variation; HAQ‐DI, Health Assessment Questionnaire---Disability Index; HDL‐C, high‐density lipoprotein cholesterol; LDL‐C, low‐density lipoprotein cholesterol; sDMARD, synthetic disease‐modifying antirheumatic drug; TC, total cholesterol.
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###### 

Baseline Characteristic Comparison Between Patients Who Completed the 16‐Week Therapy and Patients Who Dropped Out

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                         Anti--TNF‐α                sDMARD                                                                                  
  -------------------------------- -------------------------- -------------------------- ------ -------------------------- -------------------------- ----------------------------------------------
  Patients, No.                    9                          9                          NA     14                         10                         

  Drug, No. (%)                    Etanercept=7 (77.78)\      Etanercept=7 (77.78)\      NA     Methotrexate=6 (42.85)\    Methotrexate=6 (60)\       0.68
                                   Adalimumab=2 (32.32)       Adalimumab=2 (32.32)              Leflunomide=8 (63.15)      Leflunomide=4 (40)         

  Age, y                           47.0 \[40.02--53.98\]      54.1 \[49.59--58.63\]      0.07   55.1 \[48.60--61.55\]      57 \[49.96--64.04\]        0.64

  Female sex, No. (%)              7 (77.78)                  9 (100)                    0.47   11 (78.57)                 8 (80)                     0.94

  Erosive disease, No. (%)         8 (88.89)                  8 (88.89)                  NA     12 (85.71)                 7 (70)                     0.54

  Rheumatoid factor, No. (%)       7 (77.78)                  9 (100)                    0.47   12 (85.71)                 7 (70)                     0.54

  Disease duration, y              10.7 \[2.89--18.54\]       16.2 \[5.76--26.64\]       0.29   9.2 \[4.63--13.80\]        6.0 \[0.94--11.06\]        0.35

  Statins users, No. (%)           4 (44.44)                  3 (33.33)                  0.50   1 (7.14)                   1 (10)                     0.67

  Diabetes mellitus, No. (%)       1 (11.11)                  2 (22.22)                  0.50   0                          0                          NA

  Family history of CAD, No. (%)   2 (22.22)                  0                          0.47   1 (7.14)                   1 (10)                     0.67

  Active smokers, No. (%)          1 (11.11)                  1 (11.11)                  NA     1 (7.14)                   2 (20)                     0.58

  Ex‐smokers, No. (%)              3 (33.33)                  3 (33.33)                  NA     3 (21.43)                  3 (30)                     0.58

  Weight, kg                       64.6 \[55.11--74.09\]      71.9 \[59.43--84.37\]      0.30   72.6 \[66.04--79.18\]      71.0 \[64.13--77.78\]      0.68

  Height, m                        1.60 \[1.56--1.64\]        1.60 \[1.55--1.66\]        0.97   1.62 \[1.58--1.66\]        1.61 \[1.55--1.66\]        0.68

  BMI, kg/m^2^                     25.3 \[21.09--29.48\]      27.9 \[23.71--32.10\]      0.32   27.8 \[25.15--30.51\]      27.5 \[24.94--29.98\]      0.83

  Abdominal circumference, cm      90.1 \[81.25--98.97\]      97.8 \[87.94--107.61\]     0.20   94.4 \[88.80--100.06\]     92.4 \[85.61--99.19\]      0.81

  TC, mg/dL                        185.1 \[158.16--212.06\]   201.9 \[179.57--224.21\]   0.29   185.8 \[169.76--201.81\]   237.5 \[199.96--275.04\]   0.004[a](#jah32098-note-0004){ref-type="fn"}

  HDL‐C, mg/dL                     58.8 \[45.26--72.29\]      52.7 \[42.99--62.34\]      0.41   52.1 \[45.33--58.96\]      63.3 \[49.69--76.91\]      0.08

  LDL‐C, mg/dL                     108.6 \[88.67--128.44\]    125.7 \[108.03--143.31\]   0.16   111.5 \[99.04--123.94\]    134.7 \[99.04--170.40\]    0.19

  Triglycerides, mg/dL             88.9 \[67.88--109.90\]     117.8 \[93.74--141.82\]    0.05   110.8 \[83.41--138.16\]    197.4 \[7.28--387.52\]     0.50

  TC/HDL‐C ratio                   3.35 \[2.64--4.06\]        3.98 \[3.28--4.68\]        0.16   3.75 \[3.05--4.45\]        4.22 \[2.52--5.93\]        0.77

  CRP, mg/dL                       1.62 \[0.92--2.32\]        3.10 \[1.24--4.95\]        0.11   2.31 \[1.00--3.61\]        1.68 \[0.33--3.03\]        0.41

  ESR, mm/h                        37.7 \[18.64--56.70\]      47.3 \[12.24--82.42\]      0.58   31.8 \[17.77--45.92\]      41.1 \[25.04--57.16\]      0.24

  DAS28‐CRP                        5.34 \[4.22--6.47\]        6.57 \[5.70--7.45\]        0.07   5.15 \[4.43--5.88\]        5.06 \[3.36--6.77\]        0.88

  HAQ‐DI                           1.69 \[1.07--2.32\]        2.06 \[1.56--2.57\]        0.31   1.23 \[0.89--1.56\]        1.32 \[0.25--2.40\]        0.80

  FMD%                             4.78 \[2.13--7.42\]        1.40 \[−6.52 to 9.30\]     0.25   2.87 \[−2.17 to 7.91\]     3.62 \[1.63--5.62\]        0.64
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Values are expressed as mean \[95% CIs\] or percentages, as appropriate. Anti--TNF‐α indicates anti--tumor necrosis factor α; BMI, body mass index; CAD, coronary artery disease; DAS28‐CRP, Disease Activity Score of 28 joints, using C‐reactive protein (CRP); ESR, erythrocyte sedimentation rate; FMD%, flow‐mediated dilation percentage variation; HAQ‐DI, Health Assessment Questionnaire---Disability Index; HDL‐C, high‐density lipoprotein cholesterol; LDL‐C, low‐density lipoprotein cholesterol; NA, not applicable; sDMARD, synthetic disease‐modifying antirheumatic drug; TC, total cholesterol.

Statistically significant.
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The assessment of endothelial function by FMD showed a significant improvement only among patients taking tocilizumab therapy (Table [3](#jah32098-tbl-0003){ref-type="table-wrap"} and Figure [1](#jah32098-fig-0001){ref-type="fig"}). The mean FMD% increased from 3.43% (1.28--5.58) to 5.96% (3.95--7.97) (*P*=0.03). For the anti--TNF‐α group, there was improvement from 4.78% (2.13--7.42) to 6.75% (4.10--9.39) (*P*=0.09), and in the sDMARD group, FMD increased from 2.87% (−2.17 to 7.91) to 4.84% (2.61--7.07) (*P*=0.21).

###### 

Endothelial Function, Inflammatory Parameters, and Disease Activity Scores After 16 Weeks of Therapy

  Variable     Tocilizumab             Anti--TNF‐α            sDMARD                                                                                                                                                                                           
  ------------ ----------------------- ---------------------- ------------------------------------------------ ----------------------- ---------------------- ---------------------------------------------- ------------------------- ----------------------- ----------------------------------------------
  FMD%         3.43% \[1.28--5.58\]    5.96% \[3.95--7.97\]   0.03[a](#jah32098-note-0006){ref-type="fn"}      4.78% \[2.13--7.42\]    6.75% \[4.10--9.39\]   0.09                                           2.87% \[−2.17 to 7.91\]   4.84% \[2.61--7.07\]    0.21
  CRP, mg/dL   3.59 \[1.84--5.35\]     0.16 \[0.02--0.31\]    \<0.001[a](#jah32098-note-0006){ref-type="fn"}   1.62 \[0.92--2.32\]     1.07 \[0.16--1.98\]    0.05                                           2.31 \[1.00--3.61\]       1.30 \[0.26--2.33\]     0.07
  ESR, mm/h    56.3 \[37.33--75.30\]   7.9 \[0.81--15.07\]    \<0.001[a](#jah32098-note-0006){ref-type="fn"}   37.7 \[18.64--56.70\]   28.2 \[9.22--47.22\]   0.15                                           31.8 \[17.77--45.92\]     30.5 \[16.00--44.92\]   0.82
  DAS28‐ESR    6.73 \[6.15--7.32\]     4.00 \[3.39--4.61\]    \<0.001[a](#jah32098-note-0006){ref-type="fn"}   5.90 \[4.69--7.12\]     4.74 \[3.71--5.76\]    0.03[a](#jah32098-note-0006){ref-type="fn"}    5.62 \[4.88--6.36\]       4.04 \[3.25--4.83\]     0.001[a](#jah32098-note-0006){ref-type="fn"}
  DAS28‐CRP    5.87 \[5.29--6.44\]     4.02 \[3.54--4.51\]    \<0.001[a](#jah32098-note-0006){ref-type="fn"}   5.34 \[4.22--6.47\]     4.35 \[3.40--5.29\]    0.049[a](#jah32098-note-0006){ref-type="fn"}   5.15 \[4.43--5.88\]       3.53 \[2.78--4.29\]     0.001[a](#jah32098-note-0006){ref-type="fn"}
  HAQ‐DI       1.88 \[1.60--2.15\]     1.40 \[1.04--1.77\]    0.004[a](#jah32098-note-0006){ref-type="fn"}     1.69 \[1.07--2.32\]     1.37 \[0.73--2.02\]    0.10                                           1.22 \[0.89--1.56\]       0.80 \[0.38--1.23\]     0.04[a](#jah32098-note-0006){ref-type="fn"}

Values are expressed as mean \[95% CI\]. Anti--TNF‐α indicates anti--tumor necrosis factor α; DAS28‐CRP, Disease Activity Score of 28 joints, using C‐reactive protein (CRP); ESR, erythrocyte sedimentation rate; FMD%, flow‐mediated dilation percentage variation; HAQ‐DI, Health Assessment Questionnaire---Disability Index; sDMARD, synthetic disease‐modifying antirheumatic drug.

Statistically significant.
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![Flow‐mediated dilation percentage variation (FMD%) after 16 weeks of therapy. ^●^ *P*\<0.05; 16‐week represents second assessment. A, Box plot graphic: Tocilizumab FMD% variation. B, Box plot graphic. Anti--tumor necrosis factor (Anti‐TNF) FMD%. C, Box plot graphic. Synthetic disease‐modifying antirheumatic drug (sDMARD) FMD%.](JAH3-6-e005038-g001){#jah32098-fig-0001}

The lipid profile behavior after 16 weeks of treatment with tocilizumab demonstrated a significant increase in TC, rising from 197.5 (177.59--217.36) to 232.3 (201.62--263.09) (*P*=0.003). The same pattern was seen with LDL‐C (from 116.6 \[95% CI, 101.03--132.19\] to 137.0 \[95% CI, 113.57--160.41\], *P*=0.03), triglycerides (92.6 \[95% CI, 77.33--107.96\] to 157.7 \[95% CI, 116.55--198.86\], *P*\<0.001), and TC/HDL‐C ratio (3.36 \[95% CI, 2.91--3.80\] to 3.84 \[95% CI, 3.25--4.43\], *P*=0.02). HDL did not change significantly, from (62.3 \[95% CI, 52.47--72.12\] to 63.8 \[95% CI, 52.96--74.69\], *P*=0.63). In both control groups, there were no statistically significant changes, except for TC, which rose from (185.8 \[95% CI, 169.76--201.81\] to 202.8 \[95% CI, 47.62--63.38\], *P*=0.04) in the sDMARD cohort. The major results are depicted in Figure [2](#jah32098-fig-0002){ref-type="fig"} and the complete data on lipid changes for the 3 groups are available in Table [4](#jah32098-tbl-0004){ref-type="table-wrap"}.

![Changes in plasma lipoproteins and triglycerides behavior after 16 weeks of therapy. A, Box plot graphic. Total cholesterol levels. B, Box plot graphic. Triglycerides levels. C, Box plot graphic. High‐density lipoprotein cholesterol (HDL‐C) levels. D, Box plot graphic. Low‐density lipoprotein (LDL‐C) levels. ^●^ *P*\<0.05; ^▲^ *P*\<0.01and ≥0.001; ^◊^ *P*\<0.001; 16‐week represents second assessment. anti‐TNF indicates anti--tumor necrosis factor; DMARD, synthetic disease‐modifying antirheumatic drug; TC, total cholesterol; TCZ, tocilizumab.](JAH3-6-e005038-g002){#jah32098-fig-0002}

###### 

Changes in Lipid Profile After 16 Weeks of Therapy

  Variable               Tocilizumab                Anti--TNF‐α                sDMARD                                                                                                                                                              
  ---------------------- -------------------------- -------------------------- ------------------------------------------------ -------------------------- -------------------------- ------ -------------------------- -------------------------- ---------------------------------------------
  TC, mg/dL              197.5 \[177.59--217.36\]   232.3 \[201.62--263.09\]   0.003[a](#jah32098-note-0008){ref-type="fn"}     185.1 \[158.16--212.06\]   192.9 \[164.97--220.81\]   0.36   185.8 \[169.76--201.81\]   202.8 \[176.81--228.76\]   0.04[a](#jah32098-note-0008){ref-type="fn"}
  HDL‐C, mg/dL           62.3 \[52.47--72.12\]      63.8 \[52.96--74.69\]      0.63                                             58.8 \[45.26--72.29\]      60.4 \[44.75--76.14\]      0.58   52.1 \[45.33--58.96\]      55.5 \[47.62--63.38\]      0.15
  LDL‐C, mg/dL           116.6 \[101.03--132.19\]   137.0 \[113.57--160.41\]   0.03[a](#jah32098-note-0008){ref-type="fn"}      108.6 \[88.67--128.44\]    115.1 \[90.87--139.35\]    0.50   111.5 \[99.04--123.94\]    121.4 \[101.66--141.11\]   0.09
  Triglycerides, mg/dL   92.6 \[77.33--107.96\]     157.7 \[116.55--198.86\]   \<0.001[a](#jah32098-note-0008){ref-type="fn"}   88.9 \[67.88--109.90\]     86.7 \[59.39--113.943\]    0.85   110.8 \[83.41--138.16\]    129.5 \[85.45--173.55\]    0.19
  TC/HDL‐C ratio         3.36 \[2.91--3.80\]        3.84 \[3.25--4.43\]        0.02[a](#jah32098-note-0008){ref-type="fn"}      3.35 \[2.64--4.06\]        3.51 \[2.64--4.38\]        0.51   3.75 \[3.05--4.45\]        3.86 \[3.08--4.64\]        0.44

Values are expressed as mean \[95% CIs\]. Anti--TNF‐α indicates anti--tumor necrosis factor α; HDL‐C, high‐density lipoprotein cholesterol; LDL‐C, low‐density lipoprotein cholesterol; sDMARD, synthetic disease‐modifying antirheumatic drug; TC, total cholesterol.

Statistically significant.
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Inflammatory parameters showed significant differences in the tocilizumab‐treated patients, as expected. Mean CRP levels were reduced after 16 weeks of therapy, dropping from 3.59 to 0.16 (*P*\<0.001). For the anti--TNF‐α and sDMARD groups, the CRP results showed a smaller reduction, from 1.69 to 1.07 (*P*=0.05) and from 2.31 to 1.30 (*P*=0.07), respectively. As shown in Table [3](#jah32098-tbl-0003){ref-type="table-wrap"}, the tocilizumab‐treated patients had higher baseline CRP levels and erythrocyte sedimentation rates compared with other groups.

Disease activity, as measured by DAS28‐CRP, decreased after therapy as expected, with statistically significant differences in all 3 groups (Figure [3](#jah32098-fig-0003){ref-type="fig"}). Complete results on endothelial function changes and inflammatory and disease activity parameters are described in Table [3](#jah32098-tbl-0003){ref-type="table-wrap"}.

![Changes in disease activity scores and functional damage after 16 weeks of therapy. A, box plot graphic for disease activity score changes. B, Box plot graphic for functional damage behavior. ^●^ *P*\<0.05; ^▲^ *P*\<0.01and ≥0.001; ^◊^ *P*\<0.001; 16‐week represents second assessment. anti‐TNF indicates anti--tumor necrosis factor; CRP, C‐reactive protein; DMARD, synthetic disease‐modifying antirheumatic drugs; TCZ, tocilizumab.](JAH3-6-e005038-g003){#jah32098-fig-0003}

Discussion {#jah32098-sec-0010}
==========

Inflammation and atherosclerosis share a similar pathophysiologic pathway, and treatments that lower systemic inflammatory markers show a beneficial effect on atherosclerotic complications.[18](#jah32098-bib-0018){ref-type="ref"} However, this observation is confounded by the fact that reductions in inflammatory markers are also often accompanied by improvement in "traditional" risk factors such as atherogenic cholesterol levels. For example, the JUPITER trial[4](#jah32098-bib-0004){ref-type="ref"} showed a remarkable reduction in cardiovascular mortality in patients with "normal" LDL levels, presumably related to rosuvastatin\'s effect on inflammation, but the LDL levels in rosuvastatin‐treated patients also dropped dramatically, providing an alternate explanation for the reduced cardiac mortality. In this study, we attempted to isolate the anti‐inflammatory effect from the anti‐cholesterol effect by evaluating an anti‐inflammatory treatment that, in fact, worsens the atherogenic lipid profile, and tested its effect on endothelial function in a population with high cardiovascular risk. We show that a treatment that significantly reduces IL‐6 activity even while worsening the atherogenic lipid profile still provides dramatic improvement in endothelial function in a high‐risk RA population.

Our results provide further support for findings from Mendelian randomization studies suggesting that IL‐6R signaling seems to have a causal role in the development of CAD. Mendelian randomization is an innovative approach that evaluates the interactions of genotype polymorphisms, phenotype, and risk of coronary heart disease. It relies on the paradigm that people with a genetic susceptibility that exposes them to abnormal levels of a risk factor causally related to atherosclerosis will eventually manifest an increased risk of coronary heart disease.[19](#jah32098-bib-0019){ref-type="ref"} Two groups of researchers studied the population distribution and effect of Asp358Ala variant in the IL‐6R gene, IL6R, a polymorphism that decreases IL‐6 signaling and results in a significant systemic anti‐inflammatory effect. One study evaluated the frequency of Asp358Ala in 51 441 patients with coronary heart disease and in 136 226 controls and found that for every copy of 358Ala inherited, the risk of CAD was reduced by 3.4% (95% CI, 1.8--5.0).[20](#jah32098-bib-0020){ref-type="ref"} The second study in 25 458 CAD cases and 100 740 controls found a risk reduction of 5% (95% CI, 3--7).[5](#jah32098-bib-0005){ref-type="ref"} While the results of these studies open an intriguing possibility for the use of IL‐6R blockade as a novel therapeutic approach to prevent CAD in the future, both sets of investigators also cautioned that the currently available IL‐6R--blocking treatment, tocilizumab, while showing a pattern of inflammatory biomarkers similar to that associated with the 358Ala allele, also demonstrated a strikingly different proatherogenic lipid profile, perhaps as an off‐target effect of the drug. Whether the anti‐inflammatory effect "overcomes" the proatherogenic effects remained an open question, one that we have addressed with our study.

The causal association of CRP and other inflammatory markers with CAD has been a source of intense controversy. While it is known that high CRP levels are often associated with increased risk of CAD,[21](#jah32098-bib-0021){ref-type="ref"} the observation is confounded by the fact that people with elevated CRP levels often also have increased levels of "traditional" risk factors such as central obesity, hypertension, hypertriglyceridemia, and low HDL‐C concentrations.[22](#jah32098-bib-0022){ref-type="ref"} The JUPITER trial[4](#jah32098-bib-0004){ref-type="ref"} showed that aggressive statin use lowers CAD risk as well as CRP levels, but Mendelian randomization studies indicate that this is unlikely to be a causal relationship.[23](#jah32098-bib-0023){ref-type="ref"} Indeed, treatments such as darapladib[24](#jah32098-bib-0024){ref-type="ref"} and varespladib[25](#jah32098-bib-0025){ref-type="ref"} which strongly reduce phospholipase A2 (another inflammatory marker), do not have any significant effect on reducing CAD, a finding predicted by Mendelian randomization analyses.[26](#jah32098-bib-0026){ref-type="ref"} Similarly, Mendelian randomization studies have predicted that direct targeting of CRP is unlikely to have any beneficial effect on CAD.[23](#jah32098-bib-0023){ref-type="ref"} Consistent with these observations, we show that while CRP levels were reduced in all 3 treatment groups, only IL‐6 inhibition showed a significant benefit in FMD improvement and a strong correlation between reduction in CRP and increase in FMD.

Other recent studies on the effect of IL‐6 inhibition and FMD have come to somewhat varying conclusions from our study. A pilot study with 11 patients with RA compared with healthy controls observed an improvement in endothelial function by FMD after 6 months of tocilizumab.[27](#jah32098-bib-0027){ref-type="ref"} A more robust randomized clinical trial, MEASURE,[3](#jah32098-bib-0003){ref-type="ref"} designed primarily to assess the effects of tocilizumab on aortic stiffness by pulse wave velocity and the drug impact on small and dense LDL, could not demonstrate a significant difference between tocilizumab‐ and methotrexate‐treated patients. However, the authors attributed this to "technical problems" in the measurement of endothelial function by different observers at multiple centers. On the other hand, the lipid behavior end points showed significantly increased levels of TC, triglycerides, and LDL, and TC/HDL‐C ratio, similar to what we observed. The authors argued that this higher risk lipid profile pattern could be balanced by beneficial changes in "new" cardiovascular biomarkers, such as serum amyloid A, paraoxonase‐1, [d]{.smallcaps}‐dimer, and fibrinogen, but provided no evidence.

It is interesting to note that while Mendelian randomization studies seem to suggest that the proatherogenic effect of tocilizumab is an off‐target drug effect, other studies have argued that the worsening lipid profile observed with tocilizumab is actually a "return to baseline" of TC, lipoproteins subunits, and triglycerides when inflammation is controlled, allowing "normal" liver synthesis of these biomarkers.[5](#jah32098-bib-0005){ref-type="ref"} Our study appears to support the former hypothesis. While both anti--TNF‐α and tocilizumab therapies reduced RA disease activity equally, only the tocilizumab‐treated group showed an increase in atherogenic lipidemic profile. All 3 treatment groups showed strong reduction in RA disease activity, coupled with striking reductions in inflammatory markers, but only the tocilizumab‐treated patients developed significant dyslipidemia. Nevertheless, we demonstrate that the strong anti‐inflammatory effect due to anti--IL‐6 suppression results in a net beneficial effect on endothelial function, in spite of increases in LDL and triglycerides. However, it should be noted that our study was limited to 16 weeks\' duration, and it is difficult to predict whether the anti‐inflammatory effect would continue to dominate the proatherogenic effects over the long term.

Study Strengths and Limitations {#jah32098-sec-0011}
-------------------------------

Our study has several limitations and strengths. While we enrolled consecutively‐seen patients in a busy tertiary care setting, it was not possible for us to randomize treatment allocation since the expensive medications required formal application for reimbursement to the state public health system. While most baseline characteristics of cardiovascular risk were similar among the 3 treatment groups, the tocilizumab‐treated patients had somewhat higher CRP levels and erythrocyte sedimentation rates at baseline. We used a surrogate outcome of changes in FMD rather than directly measuring cardiovascular outcomes. However, changes in FMD measurement have a strong correlation with future cardiovascular outcomes---in fact, Inaba et al[28](#jah32098-bib-0028){ref-type="ref"} showed a decrease of 13% (95% CI, 9--17) in the risk of future cardiovascular events for every 1% increase in FMD. In comparison to observational studies based on convenience sampling and unblinded assessments, our use of a modified Prospective Randomized Open, Blinded End Point design---with consecutive‐patient entry, protocol‐driven prospective follow‐ups, and blinded end point assessments---lend particular strengths to our findings. We did not measure HDL functionality and particle size, which have been shown to be more predictive of cardiovascular outcomes compared with plasma levels of HDL cholesterol.[29](#jah32098-bib-0029){ref-type="ref"} Within the limitations of a nonrandomized design and a small sample size (particularly in the anti‐TNF subgroup), we provide strong hypothesis‐generating evidence that a reduction of inflammation can have significant beneficial effect on CAD outcome, even if the traditional risk factors (eg, lipid profile) continue to worsen.

Two major trials designed to elucidate the real impact of inflammation control over CAD are underway. CIRT (the Cardiovascular Inflammation Reduction Trial)[30](#jah32098-bib-0030){ref-type="ref"} enrolled patients with prior MI and diabetes mellitus or metabolic syndrome to undergo methotrexate therapy or placebo to prevent secondary cardiovascular events. CANTOS (the Canakinumab Anti‐Inflammatory Thrombosis Outcomes Study)[31](#jah32098-bib-0031){ref-type="ref"} uses canakinumab, a monoclonal antibody against IL‐1, in post‐MI patients who have high CRP levels despite traditional secondary prevention therapy for CAD. Their results may start a new anti‐inflammatory approach in CAD secondary prevention.
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